Abstract: International market competitiveness
Introduction
Japanese firms and local governments are actively marketing their environmental technologies 1 to the global market, particularly in Asia, in response to business opportunities and local needs. Japan seems to be at a disadvantage, however, compared to Europe or the USA in regards to the success of its environmental technologies in the global market. European countries, for example, were suppliers to 70.0% of the Kyoto Protocol's Clean Development Mechanism (CDM) projects relating to renewable energies implemented in the Asia-Pacific region between January 2004 and January 2012, whereas Japan was a supplier to only 12.7% of these projects (Kyoto Mechanisms Information Platform). There are two possible reasons for this situation. The first is that climate-change mitigation technologies, including renewable energy, are relatively new to Japan. Although it is generally acknowledged inside and outside of Japan that Japanese industrial technology is advanced, particularly in manufacturing industries such as the automotive, electrical, and machinery industries, which have been built up over many decades, Japan's environmental technologies have not yet gained such wide acknowledgement. In fact, Japan has developed many innovative pollution abatement technologies, owing to its tremendous efforts to overcome serious air and water pollution which occurred during its period of high economic growth in the 1950s and 1960s. Japan has also developed energy-saving and recycling technologies as a result of the external 'oil shocks' which took place in the 1970s. The second possible reason for Japan's lack of competitiveness in this field is because small and medium-sized Japanese firms play an important role in the environmental industry, as well as in its manufacturing industries, including in the area of research and development. Since these small and medium-sized firms generally have less experience in the global market than larger firms, it could be that their lack of international market competiveness is due to poor international marketing.
The purpose of this study is to investigate whether a gap between the international market competitiveness of Japanese environmental technologies and their technological advantages actually exists, based on patent data of 2006 and 2012 from the Japan Patent Office (JPO). This study also investigates similar gaps between competitiveness and technological innovation for environmental technologies developed in Europe, the USA, Korea and China for the sake of comparison.
The outline of this paper is as follows: Section 2 explains the conceptual framework developed in this study. Section 3 describes the data used in this study. Section 4 discusses the development of environmental technologies around the world. Section 5 presents the findings of this study. Finally, Section 6 concludes the paper by discussing the implications of the findings and suggesting topics for future research.
Conceptual framework
There have been several studies which have evaluated the international competitiveness in the field of environmental technologies, in terms of scientific innovation, comparing Japan and other countries. The National Graduate Institute for Policy Studies (GRIPS, 2012) conducted a study using patent data to measure the international competitiveness of Japanese environmental technologies, questioning whether Japanese firms with technologically advanced capabilities are actually internationally competitive in the area of environmental technologies. The authors pointed out that it is difficult to compare the international competitiveness of environmental technologies from different countries simply on the basis of the number of domestic patent applications. Using the data on foreign patent applications instead, it found that the USA and Germany were the dominant players in most environmental technologies, such as water treatment, solid waste treatment, air pollution abatement, and climate-change mitigation, with Japan ranking third on average. Marinova and McAleer (2003) analysed the technological strength in the environmental technologies of the top 12 countries applying for foreign patents, including Japan and the USA. They used four different indicators derived from US patent data to measure the technological strength of 12 countries in relation to international competitiveness in the US market. They found that Germany, Canada, and Japan are dominant, but with different specialisations. These studies demonstrate that the patent data can be used to analyse and compare the international competitiveness between different countries. Zhang (2012) evaluated the international competitiveness of China's wind turbine manufacturing industry based on five international competitiveness indexes; performance, internationalisation, technological level, product line, and scale of production, instead of using patent data. Zhang used these five indexes to compare six leading wind turbine companies in Denmark, Germany, the USA, Spain, India and China and found that the Chinese company ranked the fifth.
Although the abovementioned GRIPS study points to a possible gap between the international competitiveness and the level of technological innovation of Japanese environmental technologies, there is apparently no study which has actually investigated such a gap, based on a review of the literature. This study, therefore, attempts to fill this gap. In this study, the term 'international market competitiveness' is used instead of the term 'international competitiveness' since the meaning of 'international competitiveness' in regards to technologies is sometimes ambiguous as to whether it refers to international competitiveness in the global market or to the level of technological innovation. This study defines international market competitiveness as a composite of both technological advantage and marketing advantage. More specifically, international market competitiveness implies that, even if the technology of a firm, industry, or country has a technological advantage, it might not be competitive in the global market if it does not have a marketing advantage in terms of prices, marketing strategies, human resources, networking, communication skills, foreign patenting strategies, governmental support for market development, etc., and vice versa, that superior marketing may not insure overall competitiveness if a technology is inferior or outdated.
Data
This study uses patent data because they can be used to evaluate and compare both the technological innovation and the international market competitiveness of different countries in specific technological categories, although there are some limitations and cautions must be taken when dealing with patent data.
The number of domestic patent applications can be used to measure a country's level of research and development of innovative technologies, because patents are an output of the inventive process [OECD, (2010), pp.146-148] . In addition, the number of foreign patent applications can be used to measure a country's presence in the international market in relation to its innovative technologies [OECD, (2010), pp.146-148] . As Figure 1 shows, there are basically three types of patent applications [Okuda, (2008) , pp.1-11; telephone interview with the JPO 2 ]. The followings describe these three types with the case of Japanese applicants. The first type comprises domestic patent applications filed with the JPO to protect a new technology at home. The second type comprises foreign patent applications filed directly with the patent offices of foreign countries where Japanese applicants want their technologies to be protected under the Paris Treaty, or foreign patent applications to the JPO under the Patent Cooperation Treaty (PCT). Foreign patent applications under the PCT (hereinafter 'international patent applications') are more convenient for applicants since they do not have to prepare separate applications for each target country. Filing a single international patent application with the domestic patent office is sufficient, since it is considered to be equivalent to filing applications with the patent offices of all PCT member countries. After filing an international patent application (called the 'international stage'), applicants can also designate specific countries where they want to insure their technologies will be protected, and file foreign applications directly with the patent offices of the designated countries (called the 'national stage') (Japan Patent Office, 2013b). The third type of patent procedure is to first file a domestic patent application with the JPO, and to then file foreign patent applications later, either under the Paris Treaty or the PCT. Although there are some cases that applicants file foreign patent applications without filing domestic patent applications when they think that their technologies may not be patented at home, it is generally understood that applicants usually file domestic patent applications first. The fact that there are two different routes for filing foreign patent applications means that care must be taken when using the patent database. For example, international patent applications are included in the Organization for Economic Cooperation and Development (OECD) patent database, whereas foreign patent applications filed under the Paris Treaty are not. The majority of foreign patent applications are considered to be international patent applications, however, for the purpose of convenience.
Figure 1 Three types in patent applications
Source: Author
Data for evaluating technological advantage
Previous studies have attempted to compare the technological strength of the environmental technologies of different countries. One such study is the one referred to previously in Section 2 by Marinova and McAleer (2003) . Another is the study by Marinova (2008) which measured the technological strength of six Asian countries, namely, China, India, Japan, Russia, South Korea, and Taiwan, by comparing their patenting activities in the US market particularly in the area of renewable energy, based on patent data from the US Patent and Trademark Office (USPTO) from 1975 to 2007. That study found that Japan was not a dominant Asian country in the US market, with Russia and India emerging as most active in patenting technologies in the area of renewable energy. These studies empirically demonstrated the technological strength of certain countries in the US market; however, it is not clear whether the results of these studies can also be applied to other markets. Furthermore, it is uncertain whether the results of these studies fully reflect the actual technological strength of the selected countries, because patenting activities in foreign countries may not fully reflect a country's true technological strength, only its degree of participation in the global market. Domestic patent applications may be a more appropriate measure of a country's technological innovation, since they are the most common output of the inventive process.
Besides the number of domestic patent applications, there are other indicators which can be used to measure research and development activities leading to the development of new technologies by a firm or a country, such as the level of investment and the number of personnel in research and development, indicators which attempt to measure research and development activity using inputs. In contrast, the number of domestic patent applications is an indicator which can be used to measure research and development activities based on an output. If there are a larger number of patent applications in Country A than in Country B, then Country A is regarded as being more active in research and development, and thus having a technological advantage over Country B. While large expenditures on research or large numbers of personnel do not necessarily guarantee, and thus indicate, the development of new technologies, a large number of patent applications more directly indicates new technologies being developed. Furthermore, while the amount of money spent or the number of personnel employed to develop a similar technology can vary between countries or firms, a new technology is simply counted as one when a patent is applied for, regardless of the resources required to develop it. Therefore, the number of domestic patent applications is chosen as a more suitable indicator of a country's innovation and technological power. 
Data for evaluating international market competitiveness
The international market competitiveness of a specific technology can be quantitatively evaluated using the level of exports, the amount of foreign direct investment (FDI), and patent licensing activity related to the technology. Data on exports, however, usually include no clear classification of commodities and services related to environmental technologies, while there is no data available on the FDI for this sector at the level of disaggregation [OECD, (2011), pp.200-206] . Alternatively, competitiveness can be measured using the number of foreign patent applications. In order to protect a specific technological innovation in foreign countries where products representing the technology are exported or locally produced, a firm is likely to file patent applications to foreign patent offices either directly (under Paris Treaty route) or under the PCT, although this might not always happen, such as when a firm chooses to keep its technology secret by not filing foreign patent applications.
The OECD's patent databases classify the environmental technologies into seven technological fields, namely: 1 energy efficiency in buildings and lighting 2 emissions abatement and fuel efficiency in transportation 3 technologies with potential or indirect contributions to emissions mitigation 4 technologies specific to climate change mitigation 5 combustion technologies with mitigation potential (e.g. using fossil fuels, biomass, waste, etc.) 6 energy generation from renewable and non-fossil sources 7 general environmental management (air pollution abatement, water pollution abatement, waste management including recycling and incineration, soil remediation, and environmental monitoring).
These seven technological fields are further classified into more detailed technological sub-fields 4 . In 2009, low-carbon technologies, which include OECD patent fields (1) through (5), accounted for 49.9% in the world's total international patent applications for environmental technologies whereas renewable energy technologies (6) and traditional general environment management technologies (7) accounted for 29.0% and 21.1% of applications, respectively. Shares of patents in these fields are very consistent with shares of the world's environment-related business market, as estimated by Department for Business Innovation & Skills (BIS) of the British Government. A BIS report published in 2011, which described the world's environment-related business market of low carbon and environmental goods and services in the period from April 2009 to March 2010, divided the market as follows: low-carbon sub-sector, 48%; renewable-energy sub-sector, 31%; and environmental sub-sector, 21% [BIS, (2011), p.12] . This similarity between patent application data and business market estimates supports the use of the number of international patent applications as a good indicator of the international market competitiveness of a country's environmental technologies.
Data source
This study uses patent data from the JPO and the OECD Patent Databases (specifically, the OECD database of international patent applications by country and technology fields). The OECD Patent Databases include data on patent applications to the European Patent Office (EPO), the USPTO, patent applications filed under the PCT that designate the EPO, and Triadic patent families. The PCT is managed by the World Intellectual Property Organization (WIPO). As of July 2006, there were 133 contracting states to the PCT (OECD, 2009). The number of international patent applications in the OECD Patent Databases is based on their priority date (the date of the first application), the inventor's/or applicant's country of residence 5 , and fractional numbers on patent applications (in cases where an international application is filed by multiple inventors/applicants from two or more countries). If there are two applicants from different countries, for example, the number of patents is counted as 0.5 patents for each country.
Development of environmental technologies
According to the OECD Patent Databases, the total number of international patent applications covering all fields of technology increased 1. Figure 3 shows the change in the number of international patent applications for environmental technologies from 2000 to 2011 for selected countries and region, namely, the EU (28 countries), the USA, Japan, Korea, and China. The EU, the USA, and Japan led the world in the number of international patent applications, with a combined share of the world's international patent applications for environmental technologies of 86.9% in 2000 and 81.9% in 2011. The average annual growth rate of international patent applications for environmental technologies between 2000 and 2011 was 8.6% for the EU, 6.2% for the USA, and 20.3% for Japan, while the growth rate in applications in this field for the world as a whole was 11.6%. Growth rates for Korea and China were 25.6% and 36.1%, respectively. Table 1 and Table 2 , whereas shares of international patent applications are based on Table 3 and Table 4 . Figure 4 and Figure 5 graphically represent the relationship between shares of the world's domestic and international patent applications for Japan, Europe, the USA, China, and Korea in 2006 and 2012, respectively. In 2006, Japan's share of domestic patent applications was as high as 56.2% (as shown by totals in Table 1 ), whereas its share of international patent applications was much lower, at 28.1% (as shown by totals in Table 3 ). These figures indicate that there was a large gap between technological innovation in Japan and the international market competitiveness of its innovative green technologies in 2006. In other words, the international market competitiveness of Japan's green technologies did not reflect the country's level of technological innovation. In contrast, European and US green technologies were over-represented in international market compared to their levels of technological innovation in 2006, and this remained almost unchanged in 2012. Remarkable changes took place in Japan, Korea and China during this period, however. Japanese technological innovation and international market competitiveness both declined relatively in the world, whereas Korea boosted both its technological innovation and international market competitiveness. There was also dramatic progress in technological innovation in China, although its international market competitiveness remained low. Next, this study investigates the gap between Japanese technological innovation and international market competitiveness in 20 categories of green technologies. Figure 6 and Figure 7 plot the relationships between Japan's share of the world's domestic patent applications, and of the world's international patent applications, for all 20 green technology categories. In 2006, there was no technology category in which Japan's international market competitiveness, as measured by its share of international patent applications, was greater than its share of the world's domestic patent applications. In 2012, there was only one technology category in which its share of international patent applications was slightly larger than its share of domestic patent applications, namely 'eco-materials' (B01). Technology categories in which Japan had close to a 50% share of the world's domestic patent applications in 2012 are 'energy storage' (A03), 'hazardous substance control' (C05), and 'transport management system' (D03). Technology categories in which Japan had shares near or greater than 30% of the world's international patent applications in 2012 are 'energy storage' (A03), 'transport management system' (D03), and 'eco-materials' (B01). 
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Conclusions
Based on patent data from 2006 and 2012, this study found that the international market competitiveness of Japanese environmental technologies, as measured by the number of international patent applications in this field, is low when compared to the level of technological innovation in Japan, as measured by domestic patent applications for innovative green technologies. This applies to Japanese environmental technologies as a whole, as well as to most sub-categories of environmental technologies. In contrast, the international market competitiveness of European and US environmental technologies is high in relation to their levels of technological innovation. The study also found that the gap between international market competitiveness and technological innovation for Japanese environmental technologies narrowed between 2006 and 2012. This occurred because of a significant loss of momentum in technological innovation in Japan during this period, as well as noticeable progress in China's technological development. These findings imply that Japan is not only weak in its marketing position, but that it is also losing its relative technological advantage. An important subject for future studies is to determine what factors are responsible for the gap between the international market competitiveness and technological innovation in relation to Japanese environmental technologies. What factors make European and US environment technologies so strong in the global market? What factors have led to Japanese environmental technologies being under-represented in the global market? The answers to these questions will have important implications for Japanese firms and government bodies when developing marketing strategies for their environmental technologies. Such strategies must include methods of exploiting the increasing demand for environmental technologies (JETRO, 2009), perhaps by providing Asian countries with environmental technical assistance, for example.
